. Hack's law [Hack, 32 1957 ] states that the upstream length (l, the longest flow path into each point) and drainage 33 area (A) are related via a power law scaling (l = A h ) where the exponent h (Hack exponent) 34 was measured in the range of [0.5-0.7] for different river networks [Hack, 1957; Gray, 1961; 35 Mueller, 1972; Mosley and Parker, 1973; Montgomery and Dietrich, 1992; Maritan et al., 36 1996; Rigon et al., 1996 Rigon et al., , 1998 , with an average value of about 0.58 [Willemin, 2000] . Also, 37 for the fluvial parts of landscapes, power-law relations with exponent ranges of [0.42-0.45] 38 and [0.5-0.9] were observed for the exceedance probabilities of drainage area and length, 39 respectively [Rodríguez-Iturbe and Rinaldo, 1997; Rigon et al., 1996; Crave and Davy, 40 1997; Paik and Kumar, 2011] . Different explanations of these power laws are available [Banavar 41 et al., 1999; Dodds and Rothman, 2000; Birnir et al., 2001; Banavar et al., 2001; Birnir 42 et al., 2007; Birnir, 2008; Rinaldo et al., 2014] , including self-organized dynamic systems 43 [Bak et al., 1988; Rinaldo et al., 1993; Marković and Gros, 2014] , invasion percolation [Stark, 44 1991] and minimum energy dissipation [Rodríguez-Iturbe et al., 1992] . 45 Catchment drainage networks are essentially static structures in the landscape, i.e., 46 their temporal evolution cannot be readily measured. On the other hand, laboratory-based 47 experimental geomorphology has a longstanding tradition [e.g., Schumm and Khan, 1971; 48 Flint, 1973; Mosley and Parker, 1973; Parker, 1977] and permits detailed and rapid investigations 49 of changes in surface morphology due to rainfall or overland flow [e.g., Crave et al., 2000; 50 Brunton and Bryan, 2000; Römkens et al., 2002; Hasbargen and Paola, 2003; Gómez et al., 51 2003; Pelletier, 2003; Turowski et al., 2006; Babault et al., 2007; Yao et al., 2008; Tatard 52 et al., 2008; Paola et al., 2009; Bonnet, 2009; Berger et al., 2010; Graveleau et al., 2012; 53 Rohais et al., 2012; McGuire et al., 2013; Reinhardt and Ellis, 2015; Sweeney et al., 2015] . that the drainage area distribution was described by a power law with an exponent of 0.5.
60
Similarly, Bennett and Liu [2016] examined rill formation at the flume scale (7 m × 2.4 m) 61 and found an exponent of about 0.5 for Hack's law.
62
In summary, geometrical characteristics of catchment drainage networks have a high 63 degree of similarity. These same characteristics are evident in channeled surfaces in laboratory 64 studies. Here, we extend these studies by considering the flow network on an unchanneled 65 sediment. Specifically, we measured the surface evolution of an unconsolidated sediment 66 under non-uniform rainfall and overland flow such that no (observable) rills were formed.
67
-3-Confidential manuscript submitted to Geophysical Research Letters However, the surface roughness produces a drainage network representation of the overland 68 flow, which is then subjected to geometrical analysis. 69 2 Experiment 70 A 2-m × 1-m erosion flume with 5% slope ( Figure S1 ) was filled to a depth of 15 cm 71 with unconsolidated sediments that had a mean diameter of 0.53 mm (Table S1 and Figure S2 , 72 where S refers to the Supporting Information). Non-uniform rainfall with an average of 73 85 mm h -1 and Christiansen uniformity coefficient [Christiansen, 1942] of 26% was applied 74 (Figure 1h ). The non-uniform rainfall ensured that the flume drainage network varied both 75 spatially and temporally due to non-uniform erosion of the initially planar surface. The flume 76 had an impermeable base and was drained by a single, 4-cm wide outlet ( Figure S1 ), located 77 at (x = 0, y = 0). The sediment became fully saturated during the first 15 min of precipitation, 
where the summation over j refers to the eight cells surrounding the ith cell. The slopes Figure S5 ).
129
Even though the flow covers the entire surface and is continuous (except perhaps for 141 raindrop impacts), the D8 algorithm leads to its description as a network, which was considerably 142 reorganized during the 16-h rainfall duration ( Figure 2 ). We recall that these networks do not 143 represent observable surface rills, but rather the drainage network derived from the surface Therefore, the network evolution is a result of size-dependent sediment particle transport and 150 raindrop-driven rearrangement on the surface.
151
We next examine the statistical characteristics of the network. We first consider Hack's 152 law [Hack, 1957] , which is a well-known metric used in analyses of large scale river networks exponents agree with those found for large scale river networks [Hack, 1957; Gray, 1961; 166 Mueller, 1972; Mosley and Parker, 1973; Mueller, 1973; Montgomery and Dietrich, 1992; 167 Maritan et al., 1996; Rigon et al., 1996 Rigon et al., , 1998 , which are in the range [0.5-0.7], yet with a 168 measured mean of about h = 0.58 [Willemin, 2000] and an analytical value of h = 0.57 169 [Birnir, 2008] .
170
The distributions of (computed) drainage discharge, drainage area and upstream length 171 are plotted in Figure 5 . In Figure 5a , the flume discharge can be separated into low (q ≤ 1.1 × 172 10 4 mm h -1 ), medium (1.1 × 10 4 < q < 3 × 10 6 mm h -1 ) and high (q ≥ 3 × 10 6 mm h -1 ) 173 sections. The low discharge region mostly covers the left of the flume (Figure S4) where the 174 precipitation rate is lower. The values of P(Q > q) for these regions do not change during Figure S4 ). Since the D8 algorithm selects a single 179 adjacent down-gradient cell to receive water from a given cell, potentially the predicted flow 180 becomes more localized than in reality. Also, flow disturbances due to raindrop impact and 181 resulting mixing are not accounted for.
182
Due to spatial and temporal variations of precipitation in natural settings, the distribution can be modeled via different approaches, from mechanistic models that consider coupled 213 overland flow and soil erosion [e.g., Nearing et al., 1989; Hairsine and Rose, 1992a,b] will tend to smooth surfaces in LEM predictions, we speculate that our results will prompt 237 additional investigations of the role of diffusion in these models. That is, it remains to be 238 determined if the scale invariance uncovered in this work can be captured by LEMs. Financial support was provided by the Swiss National Science Foundation .
